During an open clinical trial in an area where streptococcal infections are hyperendemic, we studied the genetic polymorphism of Streptococcus pyogenes isolates collected from patients and from healthy carriers living in close contact with them. The clonal diversity of isolates was analyzed by pulsed-field gel electrophoresis with three restriction enzymes (SmaI, ApaI, and SacII). The pharynx of each patient and healthy carrier was colonized by a single clone, suggesting the clonal nature of streptococcal colonization in individuals. Among 52 isolates obtained from patients with acute pharyngotonsillitis, we found 14 genetically unrelated clones, showing the genetic diversity of S. pyogenes. However, two clones belonging to the M1 and M12 serotypes represented about 70% of isolates in carriers and patients. Pharyngeal colonization in cured patients was monitored for 3 to 4 months. After the initial elimination of S. pyogenes following antibiotic therapy, the rate of recolonization was high by day 30 (about 20%) and was also at that level between days 90 and 120; this was similar to the carriage rate in family contacts. Thus, cured patients can be recontaminated by unrelated clones, suggesting that colonization of healthy carriers might be a potential source of spread and redistribution of S. pyogenes isolates.
Streptococcus pyogenes (group A Streptococcus) is a specific human pathogen responsible for very common infections, such as acute pharyngotonsillitis, that are particularly frequent in children (4) . The pharyngeal carriage of S. pyogenes in adult populations is usually estimated to be under 5 to 10% in industrialized countries (3) . These infections can be complicated by severe nonsuppurative sequelae, including acute rheumatic fever and glomerulonephritis (22) . The incidence of these complications has rapidly declined during the last decades in industrialized countries (9, 15) due to improved living conditions and to systematic antibiotic therapy with penicillin, both of which limit the spread of bacterial strains in the population (1, 13) . However, the rate of recurrence of streptococcal pharyngitis following penicillin therapy can be as high as 20 to 25% in children, especially in semiclosed communities (7, 8) . Unexpected outbreaks of rheumatic fever due to the reemergence of certain virulent M clones has been recently described in industrialized countries where penicillin therapy is widely used (1, 4, 22, 23 ). This and the high incidence of poststreptococcal nonsuppurative sequelae in the developing countries illustrate how streptococcal infections remain a major problem of public health.
Most reports on the epidemiology of streptococcal pharyngitis are based on M and T and opacity factor serotyping (10, 12) . These methods might not adequately reflect the clonal diversity of bacterial strains, as suggested by the finding that isolates expressing the same M serotypes can be distinguished by genetic methods, including restriction endonuclease polymorphism analysis (2, 14) , ribotyping (6, 19) , multilocus enzyme electrophoresis (10, 16) , and pulsed-field gel electrophoresis (PFGE) (20) . In this work, we used PFGE to study the clonal diversity of S. pyogenes isolates collected from patients with acute streptococcal pharyngitis monitored for 3 to 4 months and from healthy carriers living in contact with these patients.
MATERIALS AND METHODS
Patients. S. pyogenes isolates were collected during a randomized clinical trial from patients with acute pharyngotonsillitis treated by a 10-day course of penicillin V (10 6 IU of penicillin) or by a 5-day course of josamycin (1 g twice a day). Acute pharyngotonsillitis was diagnosed on the basis of fever over 38°C, sore throat, pharyngeal exudate, acute inflammatory tonsillitis, and a positive result in a rapid diagnostic test (Test Pack StreptA; Abbott, Chicago, Ill.). Fifty-two patients living in the Ile de la Réunion, age 12 to 65 years, were monitored by 13 general practitioners for 3 to 4 months. Samples were also collected from 92 healthy carriers living in close family contact with 39 patients (one to four persons per patient) and from a group of 25 adult patients with acute streptococcal pharyngotonsillitis in the Paris region (Ile-de-France). As control strains, we used S. pyogenes BM 105, Streptococcus agalactiae BM 106, S. agalactiae 3766 and 109191 from the collection at the hospital Necker-Enfants Malades (Paris, France), and Streptococcus pneumoniae NEM 01 and NEM 02 isolates obtained from nasopharyngeal flora from children living in France.
Bacteriological methods. A swab applicator was applied over both tonsils and the posterior pharynx and then was shaken carefully in 500 l of Lablemco broth (Oxoid, Unipath, Dardilly, France), which was immediately stored at Ϫ20°C in the medical office for 40 days (maximum). Swabs were collected from patients before antibiotic therapy, on day 30, and between days 90 and 120, when possible. All specimens were placed in dry ice and sent by air within 24 h to the Laboratory of Microbiology of the Hôpital Necker-Enfants Malades where they were stored at Ϫ80°C until examination. Specimens were rapidly thawed and cultured on 5% sheep blood agar (bioMérieux, Marcy-l'Etoile, France). Beta-hemolytic colonies were identified, and the serogroup A, as defined by Lancefield, was determined by using the Slidex Strepto Kit (bioMérieux). Biotyping was performed using biochemical tests of identification on API-Strept 50 (bioMérieux) as previously described (5) . Strains were then examined for M and T serotypes at the Centre de Reference des Streptocoques (H. de Montclos, Institut Pasteur de Lyon). T-protein types were identified by slide agglutination with rabbit antisera (24) . Strains that did not agglutinate with the anti-T serogroup were considered nontypeable. Strains found to be positive were tested for M-protein serotypes by microdiffusion with acid extracts and rabbit antisera (18) .
PFGE. Bacteria grown overnight on 5% sheep blood agar plates at 37°C in 10% CO 2 were suspended in 2 ml of phosphate-buffered saline, pH 7.2, to an optical density of 1.4 at 600 nm. Then, 300 l of the suspension was mixed with an equal volume of liquid 2% low-melting-point agarose (Sigma Chemical Co., St. Louis, Mo.) and cooled to 50°C. The mixture was poured into plug molds (BioRad, Richmond, Calif.). Bacterial DNA was released by treatment in Tris-EDTA (TE) buffer containing 10 mg of lysozyme per ml for 1 h at 37°C followed by a second treatment with lysis buffer containing 0.5 M EDTA (pH 8.1; Sigma), 10% (wt/vol) sodium dodecyl sulfate, and 0.5 mg of proteinase K (Sigma) per ml. The mixture was incubated for 24 h at 50°C. Proteinase K was inactivated by adding 40 l of 0.25 M phenylmethylsulfonyl fluoride (Sigma) for 1 h at room temperature, followed by washing in 0.5ϫ TE buffer (10
Ϫ3 M EDTA [pH 7.5]), in 0.5ϫ TE buffer diluted 1 in 2 with distilled water, and finally in distilled water. DNA was then digested with the restriction enzymes SacII (5 IU), SmaI (20 IU), or ApaI (20 IU) in the appropriate buffer overnight at 25°C (SmaI) or 37°C (SacII and ApaI). Fragments of DNA were separated on 1% agarose gel (Gibco BRL, Paisley, Scotland) in 0.5ϫ TBE buffer (0.5 M Tris-borate-EDTA) in a Chef Mapper DR II apparatus (BioRad), under appropriate conditions: for 24 h with an 8-to 30-s switch time ramp at a 120°a ngle and 7 V/cm. Gels were stained with ethidium bromide (30 min), rinsed in distilled water, and examined and photographed (Polaroid 667 film) under UV light. DNA markers from Boehringer (Mannheim, Germany) were included in each gel.
Data analysis. Restriction fragment length polymorphism patterns were analyzed by calculating the Dice coefficient (D) of similarity with appropriate software (Vilber Lourmat; Biogène 6.21a, Marne la Vallée, France). The equation D ϭ 2n xy /n 1 ϩ n 2 , where n 1 is the total number of DNA fragments from strain X, n 2 is the total number of fragments from strain Y, and n xy is the number of identical fragments, was used. A Dice value for two PFGE patterns of Ն0.80 represents closely related strains. A dendrogram was then constructed from the Dice coefficients.
RESULTS
Clonality of S. pyogenes infection in patients with acute pharyngotonsillitis. We isolated S. pyogenes from a group of 52 patients at the onset of acute pharyngotonsillitis. Each patient gave positive rapid diagnostic test results and was included in a randomized clinical trial. All patients were living in the Ile de la Réunion. Isolates were analyzed by PFGE after digestion of the chromosomal DNA by SmaI, ApaI, or SacII. Each of these enzymes produced about 10 to 14 fragments for each isolate, allowing various pulsotypes to be defined. The results obtained with each of the three enzymes were quite similar. We present the results with SmaI restriction, which gave well-defined profiles that were easy to interpret. We first tested whether patients were infected by a single clone by analyzing five separate colonies randomly chosen from primary cultures on sheep blood agar. For each of the 52 patients, the five separate colonies displayed the same pulsotype (Fig. 1) . This strongly suggests the clonal nature of acute streptococcal pharyngotonsillitis. The same approach was used in asymptomatic patients (day 30), as described below. A single clone of S. pyogenes was also detected in the pharyngeal flora of each of these colonized persons.
Genetic diversity of S. pyogenes isolates. The genetic diversity of S. pyogenes isolates collected from the 52 patients was further studied by PFGE, M and T serotyping, and biotyping. The results obtained by SmaI digestion are illustrated in Fig.  2A and B for the 52 isolates obtained at day 0. Fourteen different genetic patterns, designated A to N, were detected ( Fig. 2A and B) . As controls, we studied PFGE isolates collected from a group of 25 adult patients with acute streptococcal pharyngotonsillitis living in the Paris region. Eighteen pulsotypes were detected, no one being more prevalent than the others, suggesting a heterologous distribution of bacterial clones in this area of low endemicity of streptococcal infections (Fig. 2C) . The dendrogram for all the 52 isolates illustrates the genetic polymorphism of S. pyogenes isolates from the Ile de la Réunion (Fig. 3) . Thirty-five isolates (67.3%) belonged to two pulsotypes: pulsotypes A (17 isolates) and C (18 isolates), indicating that there were two epidemic strains in the population. These two strains belonged to two different biotypes and serotypes: clone A, serotype T12M12 and biotype 3; clone C, serotype T1M1 and biotype 1 (Fig. 3) . Pulsotypes F and G and I and K were genetically closely related (Dice indexes Ͼ80%) (Fig. 3) . There was a correlation between pulsotype, serotype, and biotype (Fig. 3) . As previously reported, PFGE could discriminate isolates of the same serotype and the same biotype (Fig. 3) .
Follow-up of streptococcal colonization in asymptomatic patients and contact healthy carriers. All 52 patients were rapidly cured by antibiotics, with complete regression of clinical symptoms within 3 to 4 days. S. pyogenes was undetectable in oropharyngeal flora two days after the end of antibiotic therapy. No clinical recurrences were observed during the following 3 to 4 months. Pharyngeal streptococcal colonization of asymptomatic patients was monitored for a similar period. Among 47 cured patients tested on day 30, 11 (21.2%) were colonized by S. pyogenes. The same clones as those isolated initially were found in 10 patients, as assessed by pulsotyping, biotyping, and M and T serotyping (Table 1) . Only one patient (30R) was colonized on day 30 by a genetically unrelated isolate (pulsotype C instead of pulsotype A) ( Table 1) . By days 90 to 120, 8 of 39 tested patients (20%) were colonized by S. pyogenes. Among these eight asymptomatic patients, only four patients (2R, 5R, 13R, and 26R) had also been positive on day 30, one having been colonized by an isolate different from that found on day 0 and day 30 (patient 5R). Of the four other patients who were negative on day 30, two were colonized by an isolate different from that initially found (patients 19R and 27R). At least three patients (5R, 19R, and 27R) positive on days 90 to 120 had therefore been colonized by a new clone during the follow-up period (Table 1) . Finally, spontaneous elimination of S. pyogenes by days 90 to 120 was observed in four cases (1R, 16R, 17R, and 30R). Ninety-two persons living in close family contact with the 39 patients included in the study were examined by days 90 to 120 for the presence of S. pyogenes in their oropharyngeal flora. We found 18 healthy carriers of S. pyogenes (19.6%). This percentage of carriage is very similar to that found in asymptomatic patients. A genetic analysis of isolates by PFGE showed two strains to be most prevalent in the patients: pulsotype A (33.3%) and pulsotype C (50%). Except in two cases (patients 30R and 31R), healthy carriers harbored the same isolates as those found in the corresponding patients. Moreover, subjects in contact with two patients (2R and 19R) were colonized with two different isolates (Table 1) . These results indicate that healthy carriers living in close contact with patients are often colonized by the same isolates as those found in patients.
DISCUSSION
We used PGFE to study S. pyogenes isolates collected from a group of 52 patients with acute pharyngotonsillitis living in a semiclosed area hyperendemic to streptococcal infections (Ile de la Réunion). The group was monitored for 3 to 4 months. The pharynx of each patient and healthy carrier was colonized by a single clone, suggesting the clonal nature of streptococcal infections. At least 14 different clones, as defined by their pulsotypes, were present in this group of patients. However, two genetically unrelated, dominant clones were isolated from 35 of 52 patients (67.3%). These clones, designated pulsotypes A and C, corresponded to serotypes T12M12 and T1M1, respectively, which are frequently associated with poststreptococcal glomerulonephritis and rheumatic fever (10, 11, 21) . In contrast, at least 18 unrelated clones, without a dominant type, were found in a group of 25 patients with pharyngotonsillitis living in an urban area of low endemicity (Paris) where poststreptococcal sequelae are exceptional. These results demonstrate the genetic polymorphism of S. pyogenes isolates in cases of acute streptococcal pharyngotonsillitis. Such genetic diversity among S. pyogenes isolates associated with invasive dis- eases and toxic shock-like syndrome has been described in a study using multilocus enzyme electrophoresis (17) . This highly discriminatory method could distinguish 33 electrophoretic types among 108 isolates, although two dominant clones were detected (16) . During the 3 to 4 months of follow-up of the 52 patients with acute streptococcal pharyngotonsillitis, the rate of S. pyogenes recolonization was about 20%. By genetic analysis of isolates by PFGE, we found that some cured patients were colonized by new clones. S. pyogenes can spontaneously disappear from asymptomatic patients without antibiotic therapy, suggesting that active immunization may eliminate bacteria in the pharyngeal flora. The source of recontamination might be the family contacts living with patients. The rate of colonization in contact subjects was similar, about 20%, to that in asymptomatic patients. Most healthy carriers harbored the same clones as those found in the corresponding patient, with the two dominant clones being A and C. Interestingly, we detected in two members of one family two clones which were sequentially isolated in the corresponding patient, evidence of supporting cross-contamination within families (Table 1) . It is likely that the rate of cross-contamination between asymptomatic patients and healthy carriers was underestimated since most patients were colonized by one of two dominant clones (Table 1) . Our results suggest a rapid spreading and redistribution of S. pyogenes isolates in persons living in close contact. This has also been previously documented in confined areas, for example, day care centers, where up to 50% of the children are colonized by S. pyogenes (7) . Our results also provide direct evidence for the early recontamination of asymptomatic patients recovering from acute pharyngotonsillitis by new clones, presumably originating from healthy carriers. This raises questions as to the significance of the so-called bacteriological failure to evaluate the efficacy of antibiotic therapy and emphasizes the importance of molecular typing to analyze the results. 
